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Specification: 

1 . Title of Invention 
Etching Apparatus 

2. Claims 

Etching apparatus that is specific in that it is equipped with a pressure regulating 
means wherein the pushing force of a pushing means is freely set at the desired 
pressure and using the force of a pushing means, the body to be treated that is placed 
onto one of the diagonally placed electrodes positioned at set distance, then electric 
power is imposed between the two electrodes making plasma of the reaction gas, 
thereby etching the above-mentioned body to be treated. 

3. Detailed Explanation of the Invention 
<Purpose of the Invention> 

industrial Field of Application> 
This invention is related to etching apparatus. 
<Prior Art> 

In recent years, as an etching apparatus that can form meticulous patterns of various thin 
films in high precision, the plasma etching apparatus, that uses reaction elements of gas 
plasma thus making it possible to automate and simplify the complicated manufacturing 
process of semiconductor devices is gathering interest. 

This plasma etching apparatus is the system that performs the etching process on the 
body to be treated such as the semiconductor wafer using the reaction elements of gas 
plasma that was created by imposing high frequency power to a pair of electrodes located 
in an airtight container, such as the high frequency electrode, making plasma of the 
reaction gas and such as argon gas that is supplied into the airtight container. 
For such etching apparatuses as patent# S61-212023, #S62-105347, and #S60-13063, 
since semiconductor wafers are etched in a desired vacuum atmosphere, a vacuum 
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adsorption system cannot be used to hold the wafers. Instead, all the above-mentioned 
technologies apply the system that holds semiconductor wafers at its edges using a ring 
shaped clamping system. 
<Problem that the Invention is to Solve> 

In the above-mentioned conventional method, it certainly holds semiconductor wafers, 
however, it raises the problem that if the pressure of the above mentioned clamping does 
not press the above mentioned wafer at the set force, the entire contact surface of the 
wafer does not contact uniformly to the surface of the electrode, and thus etching 
uniformity cannot be achieved. 

Uniformed etching on the surface of a semiconductor wafer can be achieved when an 
electrode contacts the entire rear surface of the semiconductor wafer. In other words, 
only the surface area where it contacts the electrode shall be etched and it is difficult to 
etch the area where it does not contact the electrode. 

Generally speaking, since several heated treatments are performed on semiconductor 
wafers in front end processes, by the time it reaches the etching process, each wafer has a 
slightly different distortion like slacks, especially when the conditions of front end 
process are different, such as when the type of semiconductor device created is different, 
and thus difficult to contact the entire rear surface of the wafer to the electrode using a 
general condition wafer set up. Therefore, by shaping the surface of the above- 
mentioned electrode in R shape, slightly inclined from the center to its edges. In other 
words making the electrode into a convex shape and setting the semiconductor wafer on 
such electrode by clamping the edges to the direction of the electrode, it contacts roughly 
the entire rear surface of the semiconductor wafer to an electrode. In such case, if the 
clamping pressure force to the edges of a semiconductor wafer is decreased from the 
specified pressure, these edges will not contact with the electrode and levitate, thus 
creating the non-contact area that was mentioned above. Also, if the above-mentioned 
clamping pressure force exceeds the specified pressure, the center of the wafer will not 
contact with the electrode and levitate, also it creates the above-mentioned non-contact 
area, hence the above-mentioned deviation of the clamping pressure causes defective 
etching. 

This invention is made to overcome the above mentioned problems and to provide the 
etching apparatus that eliminates deviation of the pushing force that pushes to set up the 
body to be treated on the surface of an electrode, thus making it possible to uniformly 
etch the entire surface of the body to be treated. 
<Structure of the Invention> 
<Means of Solving the Problems> 

This invention is to acquire the etching apparatus that is specific in that is equipped with 
a pressure regulating means wherein the pushing force of a pushing means is freely set at 
the desired pressure and using the force of a pushing means, the body to be treated that is 
placed onto one of the diagonally placed electrodes positioned at set distance, then 
electric power is imposed between the two electrodes making plasma of the reaction gas, 
thereby etching the above-mentioned body to be treated. 
<Action> 

By providing a pressure regulating means wherein the pushing force of a pushing means 
is freely set at the desired pressure and using the force of a pushing means, it made it 
possible to preset the desired pressure depending on the type of the body to be treated or 



2 



front end process conditions, plus it prevents defective etching due to the levitated edges 
of the body to be treated when the pushing force is decreased from the specified pressure, 
and due to the levitated center of the body to be treated when the pushing force exceeds 
the specified pressure and thus provides uniformed etching. 
<Working Example> 

The below using figures, explains working examples that applied this invention to the 
semiconductor wafer etching treatment. 

Upper part of the reaction container (1) that is structured to anodize the surface of a 
conductive material like aluminum and maintains an airtight inside is equipped with the 
electrode body (4) that can go up and down via the ascent and descent system (2) such as 
with air cylinder or pole screws and via the connecting pole (3). This electrode body (4) 
is anodized on its surface with conductive material such as aluminum and equipped with 
a cooling means. This cooling means is structured for example to control liquid like 
water at a specific temperature and circulate it by forming a flow path (5) that goes 
through the inside of the electrode body (4), and by connecting to a cooling means (not 
shown) located outside of the above-mentioned reaction container (1) via connected pipes 

(6) next to the flow path (5). The lower part of such electrode body (4) has the upper 
electrode (7) made of amorphous carbon that is electronically connected to the above- 
mentioned electrode body (4). A slight space (8) is formed between the upper electrode 

(7) and the electrode body (4) and the gas-supplying pipe (9) is connected to the space 

(8) . This gas-supplying pipe can freely supply reaction gas such as argon or fuleon (?) 
from the gas supply source (not shown) outside of the reaction container (1) to the above- 
mentioned space (8). The upper electrode (7) has a plurality of holes (10) in order to 
flow out the reaction gas from the space (8) via the above-mentioned upper electrode (7) 
to the inside of the reaction container (1). Furthermore, the insulation ring (1 1) is placed 
surrounding this upper electrode (7) and the electrode body (4), and a sealed ring (12) 
that is extended from the bottom of the insulation ring (11) to the bottom edge of the 
above mentioned upper electrode (7) is also placed. This sealed ring (12) is formed with 
an insulator such as PTEF with the intention of making plasma at roughly the same 
caliber as the body to be etched, for example the semiconductor wafer (13). Also, the 
above-mentioned semiconductor wafer (13) can be freely set up on the surface of the 
lower electrode (14) that is diagonally located to the above-mentioned upper electrode 

(9) . This lower electrode (14) is for example an anodized flat plate made of aluminum 
and shaped in R shape, slightly inclined from the center to its edges; in other words, the 
electrode is in a convex shape. The pushing means such as the clamp ring (15) that 
pushes the above-mentioned semiconductor wafer (13) is located at the surrounding 
edges of the lower electrode (14) in such shape, thus adjust to the caliber of the 
semiconductor wafer (13) in order to contact the surrounding edges of the semiconductor 
wafer (13) along to the shape of the lower electrode (14) surface. This clamp ring (17) is, 
for example made of aluminum and anodized on its surface, and by anodizing the surface 
it creates an aluminum insulation thin film, or it is made of silicon ceramic. This clamp 
ring (15) is connected to plurality of, for example 4 shafts (16), and these shafts (16) are 
connected together as one with the ring (17) located outside of the above-mentioned 
reaction container (1) using means such as bis stop. The ascent and descend mechanism 
that moves the ring (17) up and down, such as the air cylinder (18), is set up, and it freely 
ascends and descends the above-mentioned clamp ring (15) by ascending and descending 
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the above-mentioned ring (17). During the ascend/descend movement, the above- 
mentioned shaft (16) goes right through the outside of the reaction container (1), and 
folds up. Packing and the likes are applied to prevent any gas leak inside the reaction 
container (1). The holding pressure that pushes the semiconductor wafer (13) to the 
lower electrode (14) using the clamp ring (15) is constructed so as to freely set at the 
desired pressure by placing the pressure regulating means (19) that adjusts the driving 
force of the above-mentioned air cylinder (18), for example an air regulator in between 
the air supply tube (20). This pressure regulating means can be set up to be manually 
adjustable or to be automatically adjustable, for example adjusting the opening and 
closing of control valves, using signals from a pressure sensor monitor. These pressures 
can be set at the most appropriate value beforehand depending on the temperatures of the 
pretreatment during the plasma etching process, for example the diffusion process and 
oxidation process. Furthermore, near by the center of the above-mentioned lower 
electrode (14) lifter pin (not shown) that freely goes up and down is located so that it 
freely ascends/descends during the loading/unloading of the above-mentioned 
semiconductor wafers. In addition, there is a plurality of holes (10) -not shown- on the 
lower electrode (14) wherein cooling gas for the semiconductor wafer (13), such as 
helium gas, freely flows out. This lower electrode (14) has a cooling mechanism, such as 
the flow path (21) connected to the lower part of the lower electrode (14). The cooling 
means is set up by the liquid cooling system (not shown) adjacent to the connected pipes 
(22) that is joined to the flow path (21) that circulates cooling liquid, such as cooling 
water. Not limited to the liquid cooling system, the same effect can be achieved on this 
cooling means and the above-mentioned upper electrode (7) using either a natural air- 
cooling method, such as a heat radiant fin, a forced air cooling method that cools and 
circulates vapor, or an electric cooling method, such as a peltier effect. Also, between the 
distance from the side of the above-mentioned lower electrode (14) to the inside of the 
above-mentioned reaction container (1) the exhaust ring (24) equipped with an exhaust 
hole (23) is located, and through the exhaust pipe (25) connected to the lower side of the 
reaction container (1), using an exhaust system (not shown) that freely exhausts gas 
inside the reaction container (1). Such lower electrode (14) and upper electrode (7) are 
electronically wired to an RF power source (26) and can freely radiate plasma used 
during etching process. The etching apparatus (27) is structured as such. 
The next section, explains the operation of the etching apparatus (27). First, from the 
loading area (not shown) of the reaction container (1) load the body to be treated, such as 
the semiconductor wafer (13), then go through the lower electrode (14) around the center 
of the lower electrode (14) and receive the semiconductor wafer (13) with the lifter pin 
(not shown) in the up position which can freely go up and down, then contact the surface 
of the lower electrode (14) by lowering the lifter pin. Then push down the surrounding 
edges of the semiconductor wafer (13) to the direction of the lower electrode (14) by 
lowering the clamp ring (15). This pushing pressure movement is performed by the drive 
of the air cylinder (18), where the pushing pressure is controlled to the desired pressure 
by the pressure regulating means (19) that controls the pressure supplied from the air 
supply tube (20) to the air cylinder (18). This desired pressure is controlled within a 
range to prevent etching defects that occur when the pressure is lower than the specified 
value and thus the surrounding edges of the semiconductor wafer (13) do not contact with 
the lower electrode (14) and is levitated, or when the pressure exceeds the specified 
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value, and thus the center of the semiconductor wafer (13) parts from the lower electrode 

(14) and is levitated. The pressure range where such etching defects are prevented is, for 
example for 5" semiconductor wafer (13), about 2~17kgf wherein the pressure of the 
above-mentioned air cylinder (18), caliber and numbers of the cylinder are adjusted to the 
appropriate level. The pressure of the air cylinder (18) is limited by the pressure usage 
range of the equipment air at the operation location of the etching apparatus (27), thus the 
requires the air cylinder that is structured to be used within the applied pressure range. 
As indicated in Fig.l, this structure uses a single cylinder where the air cylinder (18) is 
placed in a downward position at the center of the ring (17), or as shown in Fig. 2, a 
double cylinder method where several, for example two air cylinders (18), are placed at 
the surrounding edges of the ring (17). The diameter of the air cylinder (18) is 
determined based on each situation. At that time, in order to prevent unregulated 
movement of the air cylinder (18) towards the bottom direction coil spring (not shown) it 
may be set up between the above-mentioned reaction container (1) and the ring (17). The 
example of the characteristics of such cylinder system is listed in Fig 3. A is a single 
32mm diameter cylinder without coil springs, B is a single 32mm diameter cylinder with 
coil springs, C is two 20mm diameter cylinders with coil springs, D is 20mm cylinder 
without coil springs, E is a 20mm cylinder with coil spring. For example for a 5" 
semiconductor wafer (13) the pressure range to the surrounding edges of the 
semiconductor wafer (13) where etching defects can be prevented is about 2~17kgf. 
Since the pressure usage range of the equipment air at the operation location of the 
etching apparatus (27) is for example 4-6 kg/cm 3 , the appropriate structure of the 
cylinder in this case is D or E. The semiconductor wafer (13) is pressure-pushed using 
the appropriate air cylinder (18) as such the air pressure supplied to the cylinder (18) is 
adjusted to the desired level by the pressure regulating means (19), for example by 
installing an air regulator in between the air supply tube (20). This adjustment may be 
done manually or automatically by adjusting the opening and closing of control valves, 
using signals from a pressure sensor monitor. 

These pressure pushing movements of the semiconductor wafer (13) pushes at a specific 
pressure by driving the ring (17), the shaft (16) and the clamp ring (15) with the air 
cylinder (18). At that time, as several numbers of shafts (16) drive the clamp ring (15), 
due to the mechanical gap and the like, the pressure at each point where the clamp rings 

(15) contact the surrounding edges of the semiconductor wafer (13) are not equal in some 
case. Therefore, the gap is adjusted by changing the length of the shafts (16). For 
example, this length adjustment is done by inserting a sham such as an SUS thin plate in 
10-100 \xm thickness in between the shaft (16) and the ring (17), or may it can be a micro 
meter method that rotates a bolt shaped member against the screw heads formed around 
the outer diameter of the above-mentioned shaft (16). With this height adjustment, the 
uniformity of etching can be further improved. As described, after placing the above- 
mentioned semiconductor wafer (13) onto the surface of the lower electrode (14) keep it 
inside the above-mentioned reaction container (1) which it to be air tight, then set the 
inside at the desired vacuum state. This vacuum operation can be performed in advance 
at the loading stage of the semiconductor wafer (13) using an extra chamber. 

Next, descend the electrode body (4) using the ascend and descend system (2) via the 
connecting pole (3) then arrange the upper electrode (7) and the lower electrode (14) at 
the desired distance, for example at a few jam. Then reaction gas such as argon gas is 
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supplied into the space (8) from a gas supply (not shown) through the gas-supplying pipe 

(9) . The reaction gas supplied into the space (8) flows out through a plurality of holes 

(10) onto the surface of the semiconductor wafer (13). At the same time, by RF power 
source (26), high frequency electric power is imposed between the upper electrode (7) 
and the lower electrode (14) making plasma of the reaction gas, thereby etching the 
semiconductor wafer (13). Here, the upper electrode (7) and the lower electrode (14) are 
heated and thermally expand by the heat from the imposed high frequency electric power. 
Because the upper electrode (7) is made of amorphous carbon and the electrode body (4) 
is made of aluminum, the difference in coefficient of thermal expansion may cause 
cracking. In order to prevent this cracking, cooling water is supplied from a cooling 
means (not shown) through the connected pipe (6) into the flow path (5) to indirectly cool 
the upper electrode (7). Also, if the lower electrode (14) is heated to high temperature, 
the temperature of the semiconductor wafer (13) also changes resulting in adverse effect 
to the etching. Therefore, the lower electrode (14) is also cooled by cooling water 
supplied from a cooling means (not shown) through connected pipe (22) into the flow 
path (21). In order to treat the wafer (13) in a constant condition, the cooling water is 
respectively controlled at about 20 to 70 degree C. 

The exhaust of exhaust gas from the etching and reaction container (1) from loading the 
wafer (13) are adequately exhausted through the exhaust hole (23) and exhaust pipe (25) 
attached to the exhaust ring (24) by the exhaust system (not shown) installed outside the 
reaction container (1). 

In the above example, the clamp ring (15) which is connected to several shafts (16) was 
used as a means to pressure-push the semiconductor wafer (13). However, not limited to 
that, the same effect can be achieved by placing several hooks around the circumference 
of the semiconductor wafer (13) and by pushing the wafer (13) using the hooks. 
As discussed previously per the above working example, by providing a pressure 
regulating means wherein the pushing force of a pushing means is freely set at the desired 
pressure, thereby easily adjusting to a specific pressure, thus defective etching at the 
following parts can be prevented: a part of the peripheral part of the body to be treated 
when the levitated pushing force is decreased from the specific pressure; and a levitating 
part of the central part of the body to be treated when the pushing force exceeds the 
specific pressure. 
<Effects of the Invention> 

As described above, per this invention, since the pushing force of a pressure regulating 
means that contacts the body to be treated can be set freely at the desired pressure, the 
entire rear surface of the body to be treated can contact the surface of the electrode body, 
thus it enables improved etching uniformity and the prevention of etching defects. 

4. Brief Explanation of Drawings 

Fig. 1 shows schematics of an etching apparatus to explain one working example of this 
invention. Fig 2 shows other working examples besides Fig 1. Fig 3 shows 
characteristics of the air cylinder for working example Fig 1. 

13 Semiconductor Wafer 14 Lower Electrode 

15 Clamp Ring 16 Shaft 

17 Ring 18 Air Cylinder 

19 Pressure Regulating Means 27 Etching Apparatus 
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